Cell density
Freshly isolated splenic B cells were fractionated on dense Percoll gradients and cultured at 2 x 105/ml alone or with 5 kl EL-4 Sn or 20 ag/ml LPS for 48 h then pulsed overnight with 0.5 ACi ['H]thymidine or culture supernatants harvested at 78 h and assayed for IgM .
Detection of Ig Secretion . IgM and IgGI in culture medium were measured by RIA as previously described (11) .
FRCS Analysis. Cells were incubated with 2,ug/ml FITC-conjugated goat-anti-mouse Ig (Scandic, Vienna, Austria), anti-I-A (clone B21 Cytospin Preparations . Cells were resuspended at 2-5 x 105 /ml in complete medium and 200 I1 were spun onto slides in a cytocentrifuge (Shandon Southern Instruments Inc ., Sewickley, PA) . Samples were air dried, treated with acetone for 10 min at room temperature, and air dried again . Samples were stained with FITC-GAM Ig to detect mouse Ig or FITC-MAR Ig as a control . Samples were preserved in glycerol/PBS and photographed on a Labophot (Nikon Inc ., Garden City, NY) equipped with epifluorescence .
Results
High-density B Cells Do not Proliferate or Secrete IgM when Cultured with Activated T Cell-conditioned Medium . Bulk populations of splenic B cells contain stimulated and unstimulated populations that can be separated on the basis ofdifferent buoyant densities (5) . Low-density B cells (5_1 .075 g/ml in Percoll gradients) from freshly isolated spleen respond vigorously to LPS or EL-4 Sn and have presumably been preactivated in vivo (12-14 ; Table 1 ) . However, small, highdensity, resting B cells (>1 .080 g/ml) exhibit little proliferation or IgM secretion when cultured in the presence of T cell-conditioned medium (12-14 ; Table 1 ). Therefore, we used such small resting B cells, isolated by Percoll density gradient centrifugation, as a more homogeneous starting population to generate B lymphoblasts in vitro .
Phenotype and Physical Properties of High-density B Cells and Anti-Ig Blasts . Stimulation of purified high-density B cells with Sepharose-anti-Ig followed by flotation on Ficoll-Paque and Percoll, provided highly enriched populations of B lymphoblasts. The density and size of the anti-Ig blasts generated in vitro (as described in Materials and Methods) were compared with freshly isolated high-density spleen B cells . >90% of recovered cells were found in low-density fractions of 1 .075 and 1 .065 g/ml . This fraction contained all of the EL-4 Snresponsive cells (data not shown) . Forward light scatter profiles, which provided an approximation of cell size, clearly distinguished most high-density B cells from most anti-Ig blasts (Fig. 1, a and e) . The homogeneity of the population was further evidenced by the fact that all cells were slg' and I-A rich (Fig. 1) .
Experimental Parameters Influencing the Generation of Anti-Ig-induced Lymphoblasts. A number of variables were tested for their effect on the yield of B blasts generated in response to anti-Ig-Sepharose and the responsiveness of these blasts to EL-4 Sn or LPS. The yield and responsiveness of blasts was not significantly affected by any of the following variables pertaining to the input population of B cells (Table 11) : (a) The buoyant density of the B cells (Exp . 1); (b) adherentcell depletion (Exp . 3). The use of Sephadex G 10 depletes most splenic dendritic cells and macrophages, so that these accessory cells do not seem essential for the anti-Ig response ; or (c) surface IgM-(sIgM) versus slgD-mediated activation (Exp . 2). Anti-,u and anti-b were equivalent in stimulating entry into cell cycle and responsiveness to T cell factors, although somewhat less effective than anti-Ig (Table 11 , Exp. 2).
Role ofBSF-1 in the Generation of Anti-Ig Blasts. The results described above were obtained with a starting population of T-depleted spleen cells. As indicated in Fig. 1 , the B cells and anti-Ig blasts were >95% Ig+. In addition, neither the starting population nor the resulting anti-Ig blasts contained Thy-1' or Lyt-1+ T cells detectable by immunofluorescence (data not shown) . Previous results (7, 9) have, however, suggested an important role for the T cell-derived lymphokine BSF-1 for B cell responses to anti-Ig. To address whether the production of BSF-1/IL-4 by contaminating T cells (or other cell types) during the primary culture contributed to the response observed, we prepared anti-,u blasts in the presence of an mAb (11 B 11) that neutralizes BSF-1 activity (18) . A concentration of 11 B 11 mAb was added that completely inhibited the induction of IgG 1 secretion (see below), another BSF-1-dependent response . In several experiments, similar yields of blasts were obtained from control anti-)-activated cultures and cultures stimulated in the presence of anti-BSF-1 mAb (Table III) . Blasts were then cultured with LPS or EL-4 Sn and assayed for proliferation and IgM secretion. As shown in Table III , blasts prepared in the presence of anti-BSF-1 were functionally indistinguishable from control blasts .
In three experiments, we found that the preparation of anti-Ig blasts from Tand adherent cell-depleted splenic B cells in the presence of 100 U/ml of rIL-4 (BSF-1) resulted in a twofold greater yield of blasts on day 3 but had no effect on their subsequent growth or IgM secretion when stimulated with EL-4 or LPS (Table III) .
We conclude that BSF-1 is not essential for the generation of B lymphoblasts from Sepharose-anti-Ig-stimulated mouse spleen B cells.
The Proliferation and Ig Secretion of Anti-Ig Blasts . The majority of blasts did not survive in secondary cultures in the absence of exogenous stimuli. However, in the presence of lymphokines the number of viable cells recovered at 20-24 h of culture was 150-200% of the number of cells seeded in the secondary culture. Since B cells would not have divided more than once in this time period, a 1 .5-2-fold recovery signifies the division of at least 50% of the blasts . The rapid nature of this response was also apparent when [sH]TdR incorporation was measured at different times (Table IV) . When the kinetics of the response of small B cells and anti-Ig blasts to LPS were compared, anti-Ig blasts responded much more rapidly (Fig. 2) responses were not detectable until 24 h and were not maximal until 48 h (Fig .  2) . These findings indicate that anti-Ig blasts are poised to enter S phase when challenged with a mitogenic stimulus. The proportion of anti-Ig blasts that were induced by lymphokines to synthesize IgM was also remarkable (Fig. 3) . The starting population of small B cells had low levels of Ig, as detected by FITC-goat anti-mouse Ig staining of cytospin preparations . At 3 d, anti-Ig blasts were larger and had patches of perinuclear anti-Ig stain. The vast majority of blasts restimulated with EL-4 Sn stained brightly for cytoplasmic Ig. (Table  IV) . This suggests that a constant proportion of the blasts respond over a range of cell densities. In view of the sensitivity of anti-Ig blasts to LPS we tested the possibility that the EL-4 Sn-induced response was due to contaminating LPS by comparing the response of B cells from LPS low-responder mice, C3H/Hej, and normal responder controls, C3HeB/FeJ. The EL-4 Sn-induced proliferation and IgM secretion of B cell blasts were comparable to that of C3HeB/FeJ mice (data not shown) . Anti-Ig blasts were prepared as described in Materials and Methods in the presence of 1 wg/ml IIBI1 anti-BSF-1 . Blast were recultured at 2 x 10 5/ml for 48 h in the presence of 1 gg/ml isotype-matched control rat mAb or 11 BI 1 anti-BSF-1, then pulsed with 0.5,uCi/well of ['Hlthymidine . 
Effect of Anti-BSF-1 on IgM and IgGI Secretion ofAnti-Ig Blasts
Anti-,u blasts were prepared as described in Materials and Methods. Blasts were recultured at 2 x 10 5/ml for 5 d, and IgM and IgG1 in the culture supernatant were measured by RIA. 11BI I anti-BSF-1 or a control rat mAb was added at a final concentration of 1 Ag/ml during the anti-Ig stimulation in the primary culture and/or the secondary culture of blasts in the absence of any additional stimuli (nothing added), 1% vol/vol of EL-4 Sn or 20 Wg/ml LPS.
Sn (Table V) . In some experiments (Table VI) Additional experiments compared the EL-4 Sn with recombinant IL-1, IL-2, or IL-3 as stimuli for the growth of anti-Ig blasts. Although a small boost in [ s H]-TdR incorporation was detected when all three recombinant lymphokines were added, the lymphokines clearly did not mimic the growth-promoting activity of EL-4 culture Sn (Table VII) .
Discussion
These studies characterize a pathway of polyclonal B cell development that begins with a small resting B cell and yields large numbers of proliferating lymphoblasts that secrete IgM. The response to Sepharose-anti-Ig proceeds in two phases . The formation of large, la-rich blasts, which appears to be T independent, followed by proliferation and differentiation that is dependent on factors released by PMA-activated EL-4 thymoma cells. The lymphoblasts described in this study provide an excellent model for characterizing the factors that mediate T-dependent, B cell development. The Formation of Lymphoblasts in Response to Anti-Ig. One purpose of these studies was to define the conditions necessary to generate lymphokine-responsive blasts from small resting B cells. Sepharose-anti-Ig, -anti-,U, or -anti-3 can all be used, the cell suspension can be depleted of most macrophages and dendritic cells by passage over Sephadex G10, and high-density resting B cells are as responsive as bulk, T-depleted spleen cells (Table II) . It is possible that the signal delivered by Sepharose-anti-Ig differs from that provided by most soluble, Tdependent antigens. The two stimulation pathways do seem to differ since Sepharose-anti-Ig induces lymphoblasts that are responsive to lymphokines, while a period of direct B-T cell contact is required for hapten-carrier conjugates to induce responsiveness to lymphokines (23) .
We have been unable to identify a major role for the T cell product BSF-1 or IL-4 in the Sepharose-anti-Ig response. IL-4 was discovered on the basis of two biological activities: as a costimulant for enhanced B cell proliferative responses to anti-Ig (7) and as a factor that increased switching of LPS-stimulated B cells to IgG 1 (24) . Our data demonstrate that lymphokine-responsive blasts can be produced and will continue to proliferate in the apparent absence of IL-4. There are some differences between our experiments and those suggesting a necessary role of IL-4 in anti-Ig signaling . Other studies (7, 25) have relied on soluble antiIg, which probably differs from Sepharose-anti-Ig in its activation of B cells. For example, Mond et al. (26) found that stimulation of B cells with soluble anti-Ig was inhibited by IFN-y, whereas that induced by insoluble anti-Ig was not. The advantage to using Sepharose-anti-Ig is that it can be effectively removed from the blasts before reculturing . We also performed our initial cultures at higher cell concentrations (1-2 X 106 cells/ml), whereas lower cell concentrations have been used to assess BSF-1 effects (25) . However, we obtain marked responses to In contrast to the proliferative response to LPS and EL-4 Sn, IgM secretion by anti-Ig blasts begins at about the same time (48 h) as it does with small B cells. This suggests that the entry of the lymphoblast into the G, phase is not sufficient to enable prompt IgM secretion . One or more cell divisions seem to be required. We have previously noted that IgM secretion by normal and tumor B cells is reduced when the cells are inhibited from passage through S phase (22) .
More detailed cell cycle analyses, as with RNA and DNA binding dyes and flow cytometry, will be required to accurately determine the proportion of antiIg blasts that continue through the cell cycle . Nevertheless, it is clear that a substantially greater fraction of anti-Ig blasts respond -to LPS than do bulk spleen B cells . At least 50% of the B blasts respond to LPS as opposed to a maximum of 10-30% of fresh spleen B cells under optimal conditions (27, 28) . Specifically, we observed >150% recovery of anti-Ig blasts cultured overnight with either LPS or EL-4 Sn. Since 24 h is only enough time to permit cells to pass through one cell cycle, the majority of the blasts (>_50) must have responded . In preliminary autoradiographic studies, we have noted that all nuclei from anti-Ig blast cultures become labeled with [sH]TdR after 24 h (data not shown) . In addition, the vast majority of the blasts are producing high levels of IgM after a 3-d stimulation with EL-4 Sn (Fig. 3) .
Identity ofthe Lymphokine(s) that Influence the Anti-Ig Blast. Recombinant IL-1, -2, -3, and -4 (alone or in various combinations) induce little or no proliferative activity or IgM release from anti-Ig blasts . In contrast, EL-4 Sn is a potent stimulus. The active material(s) in the EL-4 Sn migrates as a broad peak around 50 kD on gel filtration (data not shown) . Similar findings have been reported by Muller et al . (16) , who suggested that the factor was similar to the lymphokine that costimulates normal B cells with dextran sulfate and was called B cell growth factor II (BCGF-II) by Swain and coworkers (29, 30) . Given the magnitude and apparent homogeneity of the anti-Ig blast response, it should be feasible to further characterize the EL-4 Sn and to test new factors derived by molecular cloning, including the BCGF-II-like gene (31) . Summary Sepharose-anti-Ig and purified populations of small, high-density B cells have been used to study the formation and function of B lymphoblasts. Sepharoseanti-Ig converts small, Ia-poor B cells with a high-buoyant density to large, larich, B blasts with a low-buoyant density. We find that this response proceeds efficiently in the absence of IL-4 (BSF-1) as well as most T cells, macrophages, and dendritic cells . Further development of the blasts requires an additional
